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The LT7 strain of Salmonella typhimurium was was isolated as a "phage type" by Lilleengen (4) and was described as possessing a mutator factor by Demerec et al. (1) . This strain exhibited a much greater mutation frequency for most of the genetic loci tested when compared with LT2 strains and LT7 strains lacking the mutator factor. The mutation frequency was up to 1,000 times that of the LT2 strains. Further investigation by Miyake (5) showed that the mutator LT7 strains possessed a gene mut which was responsible for the increase. Not only are auxotrophs more abundant in the LT7 mut strain than in the LT2 strain, but the auxotrophs back-mutate at a much higher frequency. It was observed by Kirchner (3) that practically all (98%) of the spontaneous histidine mutants isolated from the LT7 mut strain were of the transition type, i.e., those believed to be selectively induced in genetic material by analogues of purines and pyrimidines. Only 20 to 25% of spontaneous histidine mutants of the LT2 or the LT7 strains not demonstrating the gene, i.e., mut+, exhibited this type of mutation. It was suggested that the LT7 mutator gene might control the production or overproduction of some compound(s) responsible for this behavior. Preliminary studies of extracts from the LT7 mut strain indicated that an abnormal base was being formed (Kirchner, in preparation) . This suggested that the mutator gene might be located in or immediately adjacent to a purine or pyrimidine locus. Therefore, studies of the possible cotransduction of purine and pyrimidine loci and the mutator gene described by Miyake (5) were undertaken.
MATERIALS AND METHODS Since the mutator gene had been located by the conjugation technique to the left of the threonineleucine region by Miyake (5) , initial studies were conducted with three mutants proximal and one distal to this area. Two purine mutants (purA56 and a multisite mutant, purA155) and a pyrimidine mutant (pyrB64) represented those proximal to the threonineleucine region. Another purine mutant (purG303) represented the one distal mutant. Subsequent studies were made with the following mutants: purAl, purA65, purA87, and purA178. All these strains, obtained from M. Demerec, were derived from the LT2 strain and were maintained on stock culture agar slants at 4 C. Bacteriophages (P22) were grown on the wild-type LT2 strain and on a revertant of his-255 isolated from the LT7 strain carrying the mutator gene as described by Miyake (5) . Subsequent experiments were performed with bacteriophage prepared on his-100 and his-91, which were derived from the LT7 mut strain.
Cultures of the pyrimidine and purine mutants 1453 were prepared for the transduction studies by overnight incubation in Veal Infusion Broth at 37 C with aeration. Sufficient phage was added to the cultures to obtain a multiplicity of 5, and adsorption was allowed to proceed for 10 min. Samples of 0.1 ml were plated on enriched minimal agar plates and incubated for 48 hr at 37 C. The above procedure was repeated without the bacteriophage for control purposes. The colonies resulting from transduction were picked and spotted on minimal agar without any enrichment. The plates were incubated overnight at 37 C, and the spots were picked, inoculated into Veal Infusion Broth, and incubated at 37 C overnight with shaking. These cultures were then tested for the presence of the mutator gene.
To test for the presence of the mutator gene, the streptomycin technique described by Miyake (5) was used. A 0.01-ml sample of each culture from the transduced colony that had been isolated was spread over a small area of a nutrient agar plate containing 100 ,ug/ml of streptomycin. The plates were incubated at 37 C for at least 24 hr. Spots showing the typical mutator gene response, i.e., resistant colonies of various sizes, were scored as possessing mutator gene if there were 50 or more of these colonies, and those exhibiting no colonies, or very few, were scored as lacking the mutator gene.
RESULTS
The first noticeable result was the marked reduction in efficiency of transduction of the LT7 mut phage when compared with the phage prepared from the LT2 strain. Table 1 illustrates the differences of efficiencies between the two phages used.
A similar result was observed with the plaqueforming ability of the phage prepared on the LT7 mutator strain and plated on the LT2 strain, or vice versa; however, the magnitude of difference was much less than in transduction and showed more variability. Table 2 summarizes the results of the assay for the presence of the mutator gene in the wild-type colonies resulting from the transduction with LT2 and LT7 mut phages. As anticipated, transductions brought about by the LT2 phage were uni- formly negative when tested for the presence of the mutator gene. On the other hand, assay of the wild-type colonies arising when the LT7 mut phage was used showed a high degree of cotransduction of the mutator gene with purA155 and purA56: 63 and 68 %, respectively. The other mutants, pyrB64 and purG303, transduced with the LT7 mut phage gave results similar to those obtained with the LT2 phage. Although there were a few results for the purine and pyrimidine mutants outside the purA region that had approximately 50 streptomycin-resistant colonies, these did not exhibit the typical mutator gene response of varied colony size and probably represented "jackpots." As only the purA mutants showed any definite cotransduction with the mutator gene, four additional mutants, purAl, purA65, purA87, and purA178, representing the four clusters of the purA locus as suggested by the data of Bailen (Ph.D. Thesis, Univ. Pennsylvania, Philadelphia, 1964), were selected and infected with phage prepared from LT7 mut and LT2. Table 3 summarizes some of the results of these experiments. It can be seen that three of the mutants exhibited a high frequency of simultaneous transduction of the purine A locus and the mutator gene. The percentage of cotransduction of purA65, purA87, and purA178 and the mutator gene was 82, 78, and 81%, respectively. An unexpected result was the inability of the LT7 mut phage to transduce the purAl to wild type, even though there was good transduction to wild type with phage prepared on the LT2 strain (see Table 1 ).
Since there was no apparent transduction of purAl with LT7 mut strain phage, two LT7 strains (his-91 and his-100) testing negative for the mutator gene were used for phage preparations to see whether the inability to cotransduce might be a result of the mutant and not the phage. Table 4 illustrates the type of result observed. Again, the original LT7 mut phage exhibited no transduction; however, the phage from the LT7 mut+ strains did show transduction. The frequency was very low with the his-91 phage, and the frequency of transduction with the his-100 COTRANSDUCI7ON OF A MUTATOR GENE phage was about the same as previously found for phage grown on LT7 (see Table 1 ). All the clones resulting from transduction and tested for the mutator gene were found to be negative.
DIscussIoN
The The differences observed in the transduction efficiency (Table 1) as well as the plaque-forming ability of the phage when using LT7 bacterial strains with phage prepared on LT2, or its reciprocal, probably is an expression of host-controlled modification or control exerted by the bacteria over the acceptance of foreign deoxyribonucleic acid similar to that described by Dussoix and Arber (2) . The use of Veal Infusion Broth for enrichment, instead of nutrient broth, substantially increased the number of colonies resulting from transduction. This was true regardless of the type of bacterial strain and bacteriophage involved in these transduction studies.
The results definitely locate the mutator gene on the transducing fragment containing the purA locus. Bailin (Ph.D. Thesis, Univ. Pennsylvania, Philadelphia, 1964) suggested, on the basis of reciprocal transduction and ratio tests (wild type to donor type), that various mutants in the purA region could be positioned in the clusters shown in Fig. 1 . Although apparent clusters could be established, positioning of the mutants in the cluster could not be accomplished on the basis of two-point tests. The mutants purA87, purAl, purA178, and purA65 selected for this study are representative of each of the clusters indicated. Since there are only slight differences in the percentage of cotransduction of mut gene with the purA mutants, these variations are not considered sufficient to warrant location of the mutator gene with reference to the loci used.
Bailin also proposed, on the basis of further studies among the purA mutants, two complementation groups, I and II, and a third group I-TI for noncomplementing mutants. The purA mutants selected from the four clusters are either in group I or I-II. Unfortunately, available mutants in group II are leaky and double mutants, and were therefore considered unsuitable for cotransduction studies. The mutants used in the study are therefore located only in Bailin's complementation group I (purAl and purA87) or group I-IT (purA65, purA178, and purA155).
The unexpected behavior by the purAl mutant, i.e., no transduction with phage prepared from LT7 possessing the mutator gene, was 
